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High variability characterizesthewinter climateof centralEurope: interannual

fluctuationsin thesurface-airtemperatureas largeas18°Cover largeareasare fairly

common. Theextraordinaryearly-winter2000in Europeappearsto beadepartureto an

unprecedentedextremeof theexistingclimatepatterns.Suchanomalouseventsaffect

agriculture,forestry,fuel consumption,etc.,andthusdeservein-depthanalysis. Our

analysisindicatesthat thehighanomaliesof thesurface-airtemperatureare

predominantlydueto thesouthwesterlyflow from theeasternNorthAtlantic, with a

weakcontributionby southerlyflow from thewesternMediterranean.Backward-

trajectoriesbasedon theSSMAandNCEPReanalysisdatasetstracedfrom west-central

Europeindicatethat thewarmair massesflowilaginto Europeoriginatein thesouthern

NorthAtlantic, wherethesurface-airtemperaturesexceedby 15°Cor moretheclimatic

normsin Europefor late-Novemberor early-December.Becausesuchlargeocean-to-

continenttemperaturedifferencescharacterizethewinter conditions, we refer to this

episode which started in late November as occu,-'fing in the early winter. In this season,

with the sun low over the horizon in Europe, absorption of insolation by the surface has

little significance. The effect of cloudiness, a corollary to the low-level maritime-air

advection, is a warming by a reduction of heat-loss (greenhouse effect). In contrast, in

the summer, clouds, by reducing absorption of insolation, produce a cooling effect at the

surface [Otterman etal., 2000].

At the end of November 2000, a low-level southwesterly current was firmly

established over west central Europe, forced by a series of intense frontal cyclones,

forming and migrating northward over the eastern North Atlantic, and by a blocking ridge



overthewesternsectorof the MediterraneanandeasternEurope.In responseto this flow

pattern,France,BelgiumandtheNetherlandswereembeddedduringthis periodin anair

massof tropicalorigin that is cooledfrom below,andthereforeshowsweather

manifestationsconsistentwith low-levelstability, suchaslow stratusandstratocumulus,

fog, drizzleandcontinuousrain aheadof warm fronts.

The episode of elevated-temperatures shows up initially on the weather maps on

November 22, 2000. See on Fig. 1 the rise in the temperature Tma_ at UCCLE

meteorological station, Brussels, Belgium. After three days, the warm episode continues

to be evident (Tma.x continues to have values higher than those before Nov. 22), in spite of

strong cold fronts passing through for three days. Then, the full effect of the

southwesterly flow is observed on November 28, 2000. On that day, following a shift in

the surface-winds, Tm_x rose by 3.9 ° (to 12.7°C), and the daily minimum temperature,

Train, by 7.2°C (to 11.0°C), from the previous day. Southwesterly (SW) winds increased

from 14 krn/h on the 27 :h to 25 km/h on the 28 th. In Middelkerke, the winds changed

from S at 14 km/h to SW at 25 km_. The daily pattern of Tma._ presented in Fig. I,

depicts the rise in the temperatures at this UCCLE and the variations during this 18-day

warm episode. We concentrate on Tma.xrather than on Train, since Tm_.xis representative of

the airmass, whereas Train often reflects strictly local conditions. The Diurnal

Temperature Range, DTR = Tma., - Train, is rather small, consistent with the weak role of

insolation and the sheltering role of cloudiness during this episode (see Crane and Barry

1984; Przybylak, 1999). The drop in the wind strength as well as in temperatures

occurred on December 16.



This warmepisodemanifestsitself clearly in the weather maps. However, real

insight into the development of these extreme events can be gained by examining maps of

near-surface streamlines, wind speed, and backward-traced trajectories, presented for

November 29, 18Z, 2000, as Fig. 2. The three-day backward trajectory traced from the

coastal point of France leads to the southeastern North Atlantic, establishes this area as

the source of the airmass entering Europe. Note the length of the segments, which reflect

the very large wind speeds, producing large 6-h displacement of air parcels. (However,

we observe two short segments, crossing the streamlines in the vicinity of the cyclone.

To some extent, these two segments introduce uncertainty how accurate is the direction

of subsequent tracing). In contrast, the trajectory traced from a more easterly location,

north central France, leading to the Mediterranean region as the source, consists of small

segments, and furthermore forms a loop, indicating the advection from the south as not

really significant when compared to the advection from the North Atlantic.

Quantitative relationship of the winter temperatures in Europe to the North

Atlantic surface winds has been assessed by analyzing correlations for the 1988-1997

period of the SSMA dataset available at that time (Atlas et al., 1996; 1997). For the

month of February, the correlation of the specific Index Ina of surface southwesterlies

over eastern North Atlantic, developed for quantifying the strength of maritime-air

advection into Europe and the surface-air temperatures Ts in France was 0.82. Linear-

best fit to Ts as a function oflna established the sensitivity of Ts at about I°C for 1 ms "l

variation in lna- The variations in In_ are closely related to the phases of the North

Atlantic Oscillation, but apparently In,, (as discussed in Otterman et al., 1999) is a more



directly pertinentquantifierof theadvectioninto Europe.ThewarmestFebruary(T_in

Franceof 5°C)andthehighestvalueof the Index(Io._of 8 msl) occurredin 1990.

To continuetheanalysisof thestrongmaritime-airadvectionin thatFebruary,we

tracedbackwardtrajectoriesfrom U.K. andFrancefor February26,00Z- presentedas

Fig. 3. Thethree-daytrajectories(asin Fig. 2, onesegmentrepresentsa6-h

displacement)aresuperimposedonamapof thedifferencebetweenthe2-mtemperature

andthat of thesurface(skin temperature).All alongthetrajectoriesacrosstheAtlantic,

this differenceis negative,that is, thesourcesof theair advectedlie in theverywarm

southwesternNorth Atlantic, in thevicinity of Gulf Stream,andtheadvectedairmasses

arecooled by the surface when crossing the ocean.

The investigation of this extreme-temperature episode, in which the surface-air

temperature Tm_., rose to above 15°C from the normal values of 5-7°C (see Fig. 1 before

November 22 and on December 16 and later), was based on weather maps and the

SSM/I-NCEP Reanalysis surface wind data. We found the recently developed technique

of trajectory tracing highly valuable in providing insight into the advection processes.

Should this episode be placed in the framework of the global warming? We do not have

an answer to this question; we do note that the global effects due to the _eenhouse-factor

increase are generally thought to enhance the variability of climate. Our study points to

the strong ocean-surface southwesterlies over the North Atlantic as the direct cause of

this episode. The winds are controlled by patterns of pressure and ocean-temperatures.

Enhanced melting of the Greenland Icecap would strengthen the northerly cold currents



flowing into thenorthwesternNorthAtlantic. This effect may be occurring already: the

region of eastem Canada is the only region that exhibits regional surface cooling at these

latitudes [Ross et al, I996]. Will these cold currents reduce the ocean temperature in the

regions which are the sources of the airmasses affecting Europe? Or, by enhancing the

temperature gradients and the corollary cyclonic activity over the North Atlantic, will

they reinforce the 0cean-surface southwesterlies, producing even stronger positive

anomalies of the surface-air temperatures? If such anomalies occur in February-March,

by snow-albedo feedback the arrival of spring in central Europe can be significantly

advanced. Is the enhanced cloud-cover during this winter 2000 warm episode related to

the overall trend of increasing cloudiness (Angell, 1990; Karl and Teurer, 1990)? Thus,

our analysis raises important questions, which deserve in-depth studies.
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Figure Captions

1. TemperatureT_._andTrain, and wind speed observed at the UCCLE station,

Brussels, Belgium.

10 m streamlines over the eastern North Atlantic, Europe and the Mediterranean,

for Nov. 29, 12Z, 2000, (from the SSM/I and NCEP data), with the backward-

traced trajectories from coastal France and north central France.

Backward-traced trajectories from U.K and France for Feb. 26, 00Z, 1990,

superimposed on the difference between the 2m temperature and that of the surface.
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